Background. Family history of diabetes (FHD) and lifestyle are associated with type 2 diabetes (T2DM), but little is known about the FHD diet interactions. We aimed to analyze the interactions of FHD and lifestyle factors in Chinese T2DM onset. Methods. This was a cross-sectional survey in central urban China (n = 1234 patients with T2DM and n = 8615 non-T2DM subjects). The biological interactions, defined by Rothman interactions, between FHD and each dietary factor were analyzed by using the synergy index (S) scores. Results. After adjustment for age, gender, BMI, and WHR, a uniparental FHD (OR = 2 84, 95% CI: 2.36-3.42, P < 0 001), a paternal history of FHD (OR = 2 53, 95% CI: 1.91-3.35, P < 0 001), a maternal history of FHD (OR = 3 27, 95% CI: 2.67-4.02, P < 0 001), a biparental history of FHD (OR = 5 26, 95% CI: 2.98-9.31, P < 0 001), and a FHD, irrespective of the parent (OR = 3 59, 95% CI: 3.08-4.17, P < 0 001), were associated with T2DM onset. There were significant interactions between FHD and consuming <15 g/d of potatoes (S = 1 54, 95% CI: 1.12-2.12), <8 g/d of poultry (S = 1 51, 95% CI: 1.04-2.17), <85 g/d of fresh fruits (S = 2 17, 95% CI: 1.63-2.88), and no freshly squeezed juice (S = 2 25, 95% CI: 1.46-3.49). Conclusions. Risk of T2DM was synergistically affected by FHD and dietary habits. Nutrition educational intervention may decrease the prevalence of T2DM in the Chinese with FHD.
Introduction
Diabetes is now seen as a global epidemic [1] . According to the statistics published by the World Health Organization (WHO) in 2011, the prevalence of diabetes around the world has reached 366 million and most of these patients have type 2 diabetes mellitus (T2DM) [2] . The prevalence of diabetes has increased significantly in recent decades and is now reaching epidemic proportions in China [3] . Compared with 1980, the prevalence of T2DM has increased by a factor of 3 in 1994 and has approximately doubled from 1994 to 2001 [3] .
Dietary habits are well known to influence the risk of T2DM. A Western pattern diet (high consumption of red meat, processed meat, refined grains, French fries, high-fat dairy products, sweets and desserts, high-sugar drinks, and eggs) has been associated with an increased risk of T2DM in both men and women [4, 5] . The Chinese have a unique dietary pattern that might have protected them from T2DM in the past, but westernization of the dietary habits in China during the recent decades may participate in the obesity and T2DM epidemics observed in China [6] [7] [8] . Nevertheless, the exact relationship between T2DM and dietary habits in China is currently poorly understood.
Recent studies reported that family history of diabetes (FHD) is associated with an increased prevalence of T2DM [9] [10] [11] . Those with a parental history of diabetes are more susceptible to suffer from T2DM compared with those without parental history [9] [10] [11] . It is likely that this elevated risk of T2DM is mediated, in part, by both genetic and shared environmental components among family members [12] , but whether the FHD has the same impact on the risk of T2DM is unclear. Similarly, although some previous studies revealed that anthropometric and lifestyle-related risk factors such as body mass index (BMI), waist circumference, and physical inactivity are major risk factors for T2DM [13] [14] [15] and that the aggregation of such traits among families may account for a portion of the excess risk attributable to FHD [16] , the precise factors accounting for this increase in risk are poorly understood. Moreover, the current reports about the interaction of FHD with lifestyle risk factors are few. After a first-degree relative experiences T2DM, it might be expected that other family members would take this as a warning which might lead to changes in risk factor exposure. This might be reflected in differences in risk factor exposure and odds ratios (ORs) between individuals with and without FHD.
To answer these questions, the present study was carried out using data from Henan province's study sites of the Chinese Center for Disease Control and Prevention's (CDC's) National Disease Surveillance Point System. Differences in lifestyle were compared to FHD status in patients with T2DM and non-T2DM subjects for possible relationships. The interactions between them were also analyzed.
Methods

Study Design and
Subjects. The present work was one part of the baseline survey from REACTION study investigating the association of diabetes and cancer, which was conducted among 259,657 adults, aged 40 years and older in 25 communities across mainland China, from 2011 to 2012 [17, 18] . All subjects' data were drawn from the REACTION study. This survey was conducted in four communities in Zhengzhou city, Henan province, from July 2010 to August 2010. In this previous cross-sectional study, a complex, multistage, probability sampling design was used to select participants. This process aimed to select a study sample that was representative of civilian, noninstitutionalized Chinese adults at each site. One individual of ≥18 years of age was randomly selected from each household. If the selected individuals refused or were unavailable, a similar and previously unselected replacement household was selected in the same neighborhood.
The original study was approved by Ruijin Hospital Ethics Committee. Written informed consent was obtained from all study participants. The present study was approved by the same ethics committee, but the need for individual consent was waived because of the retrospective nature of the study.
Data Collection.
A standard questionnaire was administered by trained staff to obtain information on demographic characteristics, personal and family medical history, and lifestyle risk factors [19] . A pilot study was first conducted on a small group of district residents to test the validity of the questionnaire. "Current smoking" was defined as having smoked 100 cigarettes in one's lifetime. Previous smoking was defined as having stopped smoking for at least 1 year. Similarly, "Current drinking" was defined as the consumption of at least 30 g of alcohol per week for 1 year or more. Consumption of milk, eggs, meat (chicken, beef, and pork), raw vegetables, fruits, and other dietary items was divided into two or three categories according to intake frequency. Information was obtained on the amount and type of alcohol that was consumed during the previous year.
Bodyweight and height were measured according to a standard protocol, and BMI was calculated as weight in kilograms divided by height in meters squared. Waist circumference was measured on standing participants midway between the lower edge of the costal arch and the upper edge of the iliac crest.
In this study, FHD was defined as positive if the subject had at least one parent or sibling or children who had been diagnosed with T2DM.
2.3. Statistical Analyses. The Pearson chi-square test was used to assess the differences in the frequency distribution of the categorical variables between T2DM and non-T2DM. The Mann-Whitney U test was used to assess the differences in non-normally distributed continuous variables between T2DM and non-T2DM. Multivariate logistic regression was performed to obtain OR estimates and their 95% confidence intervals (95% CI) for lifestyle factors on T2DM onset. The estimates were adjusted for age, sex, BMI, waist-to-hip ratio (WHR), and FHD. The biological interactions, defined by Rothman interactions [20] , between FHD and each dietary factor were analyzed by using the synergy index (S) scores [19] . An S score of >1.0 indicates positive interaction and an S score of below <1.0 indicates an antagonistic effect [21] . All of the statistical tests were performed using SPSS 16.0 (IBM, Armonk, NY, USA). Two-sided P values <0.05 were considered statistically significant.
Results
Characteristics of the Patients.
The present study included 9849 representative urban residents, including 1234 hospital-diagnosed patients with T2DM and 8615 non-T2DM individual. Compared with non-T2DM individuals, patients with T2DM showed a higher proportion of males (38.7% versus 31.4%, P < 0 001), older age (median, 63 versus 58 years, P < 0 001), higher BMI (median, 26.2 versus 25.7 kg/m 2 , P < 0 001), and higher WHR (0.918 versus 0.896, P < 0 001) ( Table 1) .
Among the patients with T2DM, 332 (26.9%) were FHD+ compared with 1025 (11.9%) among non-T2DM individuals (P < 0 001). Compared with non-T2DM individuals, patients with T2DM showed a higher proportion of patients with a history of smoking ≥ 7 cigarettes/week (10.9% versus 7.3%, P < 0 001), a lower consumption of potatoes (P < 0 001), pork (P < 0 001), fresh fruits (P < 0 001), and freshly squeezed fruits (P < 0 001), a higher consumption of poultry (P = 0 002), and a higher level of physical activity (P < 0 001) ( Table 2 ).
3.2.
Association between FHD and T2DM. After adjustment for age, gender, BMI, and WHR, a uniparental FHD (OR = 2 84, 95% CI: 2.36-3.42, P < 0 001), a paternal history of FHD (OR = 2 53, 95% CI: 1.91-3.35, P < 0 001), a maternal history of FHD (OR = 3 27, 95% CI: 2.67-4.02, P < 0 001), a biparental history of FHD (OR = 5 26, 95% CI: 2.98-9.31, P < 0 001), and a FHD, irrespective of the parent (OR = 3 59, 95% CI: 3.08-4.17, P < 0 001), were associated with T2DM onset (Table 3 ).
Effect of Lifestyle Factors on T2DM
Onset. After adjustment for age, gender, BMI, and WHR, the consumption of potatoes (<15 g/d, OR = 1 49, 95% CI: 1.30-1.71, P < 0 001), beef and mutton (<4 g/d, OR = 0 78, 95% CI: 0.68-0.91, P < 0 001), fresh fruits (<85 g/d, OR = 2.34, 95% CI: 2.04-2.68, P < 0 001), freshly squeezed juice (no, OR = 2 23, 95% CI: 1.86-2.68, P < 0 001), and soy products (≥30 g/d, OR = 1 19, 95% CI: 1.04-1.37, P = 0 01), and days of walking/week (>3, OR = 1 29, 95% CI: 1.11-1.49, P = 0 001) were associated with T2DM onset (Table 4) . Table 5 , there were significant interactions between FHD and consuming < 15 g/d of potatoes (S = 1 54, 95% CI: 1.12-2.12), <8 g/d of poultry (S = 1 51, 95% CI: 1.04-2.17), <85 g/d of fresh fruits (S = 2 17, 95% CI: 1.63-2.88), and no freshly squeezed juice (S = 2 25, 95% CI: 1.46-3.49).
Interactions between Lifestyle Habits and FHD. As shown in
Discussion
T2DM is a major public health problem in China [22, 23] . Fortunately, there are preventive measures, and persons at risk can be readily identified using a few common risk factors [24] . In this study, we conducted a study to identify lifestyle risk factors of T2DM and their interactions with FHD in a Chinese urban population.
After adjustment for age, gender, BMI, and WHR, a uniparental FHD, a paternal history of FHD, a maternal history of FHD, a biparental history of FHD, and a FHD, irrespective of the parent, were associated with T2DM onset. After adjustment for age, gender, BMI, and WHR, the consumption of potatoes, beef and mutton, fresh fruits, freshly squeezed juice, and soy products, and days of walking/week were associated with T2DM onset. There were significant interactions between FHD and consuming < 15 g/d of potatoes, <8 g/d of poultry, <85 g/d of fresh fruits, and no freshly squeezed juice.
This was a comprehensive investigation of the associations between dietary habits and T2DM in the Chinese. Potatoes have hypoglycemic activity in diabetic patients [25] , and the present study showed an association between consuming < 15 g/d of potatoes and T2DM. High intake of red meat such as beef and mutton has been associated with T2DM [26] , supporting the present study, that is, that consuming > 4 g/d of beef and mutton was associated with T2DM. The present study also showed that consuming < 85 g/d of fresh fruits and no freshly squeezed fruit and vegetable juices was associated with T2DM, which is supported by two European prospective studies [27, 28] . Although some clinical studies supported the antidiabetic effects of vegetables and soy products in Asians [29] [30] [31] , the present study suggested that consuming > 30 g/d of soy products was associated with T2DM. This discrepancy may be explained by the facts that soy products are often cooked with red meat and drinking sweetened soybean milk in middle China. This is the first study examining the interaction between dietary factors and FHD on T2DM onset. There were significant interactions between FHD and consuming < 15 g/d of potatoes, <8 g/d of poultry, <85 g/d of fresh fruits, and no freshly squeezed juice. Of course, the individual dietary habits are influenced by the familial dietary habits (PMID: 27050725) [32] , and the present study could not tell the amplitude of this influence in relation to FHD. Nevertheless, the present study provides clues about possible changes in dietary habits in individual without T2DM but with FHD.
It was observed that patients with FHD had earlier age at onset of T2DM than those without, indicating that FHD might lead to earlier occurrence of the disease, suggesting genetic and environmental (family) influences on T2DM onset [12] . The proportion of female with FHD was higher than male in both T2DM and non-T2DM groups, which suggested positive FHD might have more influence for female who suffer from T2DM. In the present study, a biparental FHD was more strongly associated with the risk of T2DM, in agreement with earlier observations (in men and women combined) [15] . A higher risk of diabetes was observed in subjects with maternal history when compared with paternal history of diabetes. Previous study indicated that a stronger influence conferred by the mother compared to the father could be due to a larger contribution of diet, lifestyle factors, and adiposity from the mother [33] . The number of risk factors of T2DM in the FHD+ group is less than that of the FHD− group after adjustment for age and sex, which is similar to previous investigations [34] [35] [36] . Some relatively hidden factors such as passive smoking might increase the risk of suffering type 2 diabetes for the FHD+ population. In addition, some common risk factors for T2DM such as smoking, drinking, and obesity might increase the risk of T2DM for people without FHD. Previous smoking but not current smoking was associated with T2DM, which suggested patients may quit smoking after diagnosis of T2DM. This study also indicated more walking and higher BMI in T2DM group. The patients may increase physical activity deliberately but not enough to lose weight. The value of health education should be noticed. Nevertheless, some limitations of this study should also be noted. Most of the information was obtained through an interview, resulting in possible inaccuracy in the risk factor metrics. The potential for recall bias was the second limitation. In studies with a cross-sectional design, a common limitation is the potential reverse causation bias. Associations between some risk factors and T2DM were in unexpected directions, and it might be due to an uncertainty whether exposure preceded the outcome or not. On the other hand, the subjects in the control group could have parents of diabetics, so the exposure level of control group might be raised, which would generate bias in the analysis of infected factors associated T2DM. The last issue might be information bias. A lot of measures were taken to minimize the biases. For example, our questionnaires were administered and checked by well-trained interviewers to exclude interinterviewer variation, and we conducted the questionnaire study before the diseases were identified.
Conclusions
FHD was significantly associated with the risk of diabetes.
There was a clear positive interaction between daily intake of potatoes and FHD, while an antagonistic interaction was observed between freshly squeezed vegetables and juices and FHD. FHD could have an appreciable influence on risk factors for T2DM and support that Chinese individuals with FHD should improve their lifestyle before T2DM onset.
